Introduction
Recently, there has been a growing interest in neuromusculoskeletal rehabilitation toward the investigation of gait (re)training techniques for improvement in balance. The use of gait (re)training techniques can be aligned to the motor learning theory framework of ecological dynamics. This framework focuses on the emergent relationships that are found in complex systems formed by each individual and the performance environment, while performing a task (Kelso 1995; Riley et al. 2012; Davids et al. 2008) . Movement coordination is viewed as a pattern-forming tendency based on the affordances and the individuals' degrees of freedom (the muscles, joints, limb segments) (Rietveld and Kiverstein 2014; Gibson 1979) . In the past, information-processing theories have overemphasized the relevance of a "gold standard" when performing a movement, which tends to promote a mechanistic view of human movement (Brisson and Alain 1996; O'Brien 1992) . Alternatively, ecological dynamics emphasized the importance of relationships between key sources of information and action when preparing and executing movement (Fig. 1) . Various sources allow opportunities (affordances) for different individuals to coordinate actions in their specific environments (Gibson 1979 ). Actions in turn create information, which continues the cycle.
Therefore, neuromusculoskeletal rehabilitation design for balance improvement must consider the ecological constraints of a specific performance context (see Davids 2015) , because this is the environment to which human movement must be adapted. In the process of improving balance, it is suggested that an individual needs to be given ample opportunities to continuously search and use information to regulate their movement actions. How to specifically achieve this design will depend on the specific constraints of each individual, especially with reference to his/her biological disruptions (injury, disease, conditions). Essentially, the design of rehabilitation can be achieved through tasks that demand continuous interactions between the individual, varying environments, and task constraints, rather than mere repetition of static and isolated movements. This allows opportunities for the individual to reorganize and adapt their actions, perceptions, and cognitions as they seek alternative coordination states to achieve specific movement goals. For greater explanation of this framework, the reader is encouraged to explore the use of this framework in sporting contexts where a large body of research exists (Clark 1995; Davids et al. 2008; Newell 1986 ). Additionally, the new emerging area of clinical research in this area needs to be acknowledged and supported. In the following sections, the authors will deconstruct the fundamental areas of gait (re)training by defining individual and environment constraints to assist in balance improvement. However, the term balance needs to be addressed first.
Balance
To attempt to define balance, we first must view balance purely from a dynamic point of view. Although static balance exists in the literature, the body is never static unless placed into a fully supported environment e.g., laying on the ground. The body's base of support may not change location (i.e., feet don't move from their position); however, the neuromusculoskeletal system is in a constant concentric/ eccentric contraction pattern (regulated by our sensatory system), which produces small changes to the center of mass (indicated by sway analysis using pressure/force plates) (Stelmach et al. 1989; Kilby et al. 2015) . Therefore, we will only discuss balance with reference to level of dynamic balance. Low levels of dynamic balance involve predominately small isotonic and isometric contractions of the lower limbs (such as standing brushing your teeth) compared to higher levels of dynamic balance where the body is in motion (such as weight transfer during push-off in gait to loading response of opposite limb). Both require perceptional awareness in mechanistic controls via our sensory systems (i.e., somatosensation, ophthalmoception, proprioception, and equilibrioception) and regulation via the central nervous system (basal ganglia, cellebrum, etc.). It could be said that balance is the most important constraint during our most common daily movement as we convert to and from the single (one foot on the ground) and double support phases (both feet on the ground) during gait (Fig. 2) .
These phases are of particular interest as they involve weight transfer during the gait cycle. The double support phase can be viewed as an unstable phase of the human gait cycle. In this phase we observe the bodyweight supported by the ipsilateral limb and contralateral limb, in a transfer phase along the sagittal axis outside the base of support. When there is an increase or decrease lower limb angular kinematic movement variability, instability can increase and lead to a higher risk of falls in some populations (Brach et al. 2001 (Brach et al. , 2005 Buzzi et al. 2003) . This increased risk of falls is commonly seen to be associated with neurological conditions and musculoskeletal injuries (such as Parkinson, cerebral palsy, stroke, anterior cruciate ligament injury, peripheral neuropathy, plantar ulcers, peripheral arterial disease, and many more) but also in healthy elderly individuals, as there is a disruption to perceptional awareness mechanisms and reduction in limb strength (Hausdorff et al. 2001; Nakano et al. 2015) . A disruption to the individuals' control alters the organisms' ability to coordinate environment perturbations and task regulation. Changes in movement variability via range of lower limb joint angular movement and force changes thereby increase double support time, increase/decrease stride width/length, and reduce walking speed to create an overall disruption of the gait cycle (Hausdorff 2005) . Research has consistently shown that increasing task complexity by adding multiple task constraints (besides walking) such as counting backward and manipulating an object(s) with the participants' hands demonstrates significant impact on the gait pattern variability and overall spatial-temporal gait parameters (gait speed, cadence, support times, etc.) causing instability and increasing risk of falls (Hausdorff 2005; Hausdorff et al. 1997; Priest et al. 2008 ). This research confirms the integral relationship that exists between the individuals' internal constraints and the environment/task constraints during dynamic balance control within gait.
Lately, research and clinical environments have started to move away from low-level and isolated assessments of balance such as the Berg Balance Scale to more complex analysis (gait analysis). Although the Berg Balance Scale is a valid measuring tool for standing balance in post-stroke patients, there are few assessment tasks within the Berg Balance Scale that test advanced dynamic balance. This is a major limitation given individuals don't spend much time in daily activities in low-level balance situations. There is further evidence that the Berg Balance Scale has been shown to be a poor predictor of falls (Boulgarides et al. 2003) . Therefore, to assess dynamic balance, gait analysis with a multifactorial constraint approach is required. Additionally, to improve dynamic balance, joint angular coordination control, and overall temporal-spatial gait parameters, the complex relationships need to be addressed by manipulating the task and environment constraints to provide an environment for the individual to search for adaptive strategies. In the following sections, the authors attempt to break apart the specific components that need to be considered before, during, and after gait (re)training to improve balance.
Individual Constraints
Individual constraints include those components that make each person unique based on genetic makeup such as physical strengths and weakness, previous experiences/degrees of freedom in human movement, and biological differences. These individual constraints affect human movement differently, and in particular, gait patterns and balance are variable between individuals. Some key areas that can be identified to influence both balance and gait on an individual basis are perception and action coupling involving muscle/joint sensory feedback, the vision/vestibular system, cognition control and regulation, and strength and control capabilities (Priest et al. 2008; Hausdorff et al. 2001) .
Perception and action responses from vision, touch, and vestibular systems still require support and cooperation from the musculoskeletal system and CNS to maintain balance across a multitude of daily tasks and environments. An individual's control can be improved through physical training and exercise, however is still highly specific to that person. Limitations of strength and coordination control can include muscle weakness or under-activations, muscle over-activations, asymmetries in musculature, and bone structure. Strength and coordination control of the degrees of freedom then need to be regulated within the neurological control mechanisms of the organism. A key component to improving strength and coordination control is providing adaption opportunities for the individual to experience. For example, to improve balance ability, the individual must be subject to different task constraints in different environments, i.e., standing single leg, standing single leg with eyes closed, standing single leg with eyes closed on rubber matting, walking over flat ground, walking over flat ground with a perturbation (object in the path), etc. Manipulating the task constraints provides these opportunities for adaptation to take place. Manipulating both task and environmental constraints increases the contextual interference and practical variability, thereby providing the best state for nonlinear learning adaptation.
Environment Constraints
Environment constraints include the surrounds (spectators), surface (floor surface), and lighting. These constraints are worryingly overlooked in rehabilitation/exercise intervention settings. It is extremely common that a therapist will perform rehabilitation/exercise interventions in a very controlled environment. For example, a rehabilitation/exercise intervention clinic is always well lit, space is cleared with no objects for people to trip over or fall upon, and spectators may be around if it's a group clinic but predominantly one-on-one sessions are used. The ground surface is usually high grip, anti-fall material. These environments are designed to meet workplace safety compliance; however, this regulation doesn't provide sufficient constraints for an individual trying to improve their dynamic balance. The environment needs to be specific to the individuals' real world, whereby their activities of daily living take place (e.g., unstable). The individual should be encouraged to experience what it feels like to perform the task in a poorly lit space, with multiple individuals walking around the environment and different surfaces and perturbations, if any real adaptation can occur. The practice variability needs to be high if the learner is to (re)learn to control their balance in a variety of circumstances.
Instruction and Feedback Strategies
The use of instruction/feedback in any skill acquisition or movement-related change is pivotal not only to success but to long-term self-management of those movement changes. In a sporting context, feedback and instruction has received a large amount of attention in research over the years (Newell and Ranganathan 2010; Peh et al. 2011; Chow et al. 2014; Lopes et al. 2012) . In rehabilitation, however, little research about the type of instruction/feedback needed to enhance individual recovery exists to date.
In the context of balance-related deficits, there is a copious amount of feedback from both intrinsic and extrinsic sources. The visual, vestibular, and haptic systems provide the individual with key information, or intrinsic feedback, as to how balance would be reestablished under the surrounding environmental constraints/circumstances. In healthy individuals, such feedback would result in stepping strategies or perturbation avoidance during gait to reduce fall or trip risks. For individuals where such intrinsic feedback is not sufficient, however, clinical intervention introduces extrinsic augmented feedback.
A traditional view of extrinsic feedback for rehabilitation purposes may involve a repetition of verbal cues for movement, coupled with motivational prompts and encouragement (e.g., "good job" or "well done" or "keep going"). Research on instructional information in sport suggests that such a method does not allow players/athletes to perceive effects of their actions within the performance environment (Peh et al. 2011 ). Excessive augmented information will not allow individuals to concurrently develop intrinsic feedback to successfully coordinate actions across a multitude of environments or during game play. The same outcomes apply to a rehabilitation context where long-term change requires development of intrinsic feedback and self-monitoring from the individual. Offering continual, specific instructions and support may risk dependency and a reduced engagement with available environmental information.
When providing feedback, therapists heavily rely on verbal, tactile, and visual information for an individual to mimic, during the task. While individuals may be successful during these few trials, in the single environment under the strict forms of instruction, there is no evidence to suggest that they will successfully perform actions in their home or other environments. For example, during the complex skill of gait (re)learning, clients find they have little to no awareness of where their limbs are in space and how they coordinate a full gait cycle. This results in difficulty and reluctance to change the movement behavior, consequently disturbing balance that has heavily relied on a destructive gait pattern to maintain an orthostatic position, adaptable to varying tasks and environments.
As a therapist, it is not merely the conditioning of the musculoskeletal system that offers development in gait and balance change but also questioning how the client will not return to the poor gait pattern in order to achieve balance and how is a selfregulatory pattern introduced to maintain an adaptable gait-balance relationship. In order to prevent regressions, the client needs to have an understanding and high level of intrinsic information processing to maintain awareness of the information of the physical and environmental demands.
To achieve this, the client can be set up to answer internalized questions like "what did the movements feel like?" and "why did you choose to move/step that way?" Additionally, the therapist should seek to reduce the amount of verbal or demonstrated visual instruction and ask the client to self-direct their attention. This approach has been successful through the use of video feedback (of the client), mirrors (real-time visual feedback), and highly variable environments to constantly change the information type and to create adaptation to unfamiliarity. This (re) learning strategy seeks to enhance the use of intrinsic feedback systems with external goals, providing clients with experiences to exploit self-organization under any task or environmental constraint to discover and explore appropriate movement strategies.
Exercise Intervention Design
Successful exercise interventions need to consider the multiple factors that surround gait (re)training and balance from the initial stages of prescription onward. Exercise choice can be based on a constraint-led approach and begin with a reduction in complexity. Initially, low-level complexity and minor constraint manipulation should be implemented, such as specific limb strengthening exercises to aid degree of freedom control. However, there should be concurrent use of exercises that encourage the individual to search for new strategies of balance control, prescribed in a progressive manner. For example, a rehabilitation/exercise intervention session may begin with prescription of leg press, lunges, squats, and gait (re)training pattern exercises all on stable environments without disruption. These constraints need to be adjusted rather quickly to increase the demand upon the individual. For example, instead of blocked practice of these exercises in their typical form, the use of unstructured and variable practice of these exercises in a manipulated form would enhance adaptation and encourage self-organization of the client (e.g., see Table 1 ).
These unexpected changes to movement patterns prepare the individual for realworld environments that lack consistency and have high amounts of changing feedback/information. Exercise prescription would progress to encapsulate movements that mimic the full demand of gait and balance but with higher variability of the environment and task. It is important to remember that although the exercise prescription must be variable and unfamiliar, the exercise choices must still be relevant and have transferable aspects of the movement or movement pattern that is being addressed. Like most exercise prescription, frequency, duration, and type of exercise prescription components need to be reviewed and evaluated routinely. Successful gait (re)training must cause disturbance to past gait movement patterns; therefore, these exercises need to be performed frequently (every day). Although specific sessions can be administrated either three times a week or once a week, exercises need to be performed every day.
Future Direction
The design, implementation, and outcomes of an ecological dynamic framework targeting gait (re)training for balance dramatically need more research focus. Case study-based research may be a more effective way to demonstrate the use of a constraint-led approach in rehabilitation and an individualized approach to exercise prescription. 
